Hydroxylactam-alcohols 5a,b,d (isoindole series), under acidic treatment gave phthalimides 7a,b,d via a hydride shift induced by an intramolecular π-stacking (benzene-benzene or benzene-thiophene interaction) which did not occur in 10a (succinimide series).
The pinacol rearrangement is a well-known reaction and it has been demonstrated that the hydrogen has a greater migratory aptitude than a phenyl group. Although direct nucleophilic rearrangement over distances greater than 1,2 are rare, a shift across a ring of 8-11 members 1, 2 is still possible as exemplified with cyclodecanediol 1 3 (Scheme 1).
Based on these observations we intended to study structures of type I, because during our investigations on the synthesis of polyheterocycles containing an isoindole moiety, we have prepared hydroxylactam-alcohols 5a-d. Actually, in an acidic medium the hydroxylactam is a precursor of an N-acyliminium ion, 4 and the triarylcarbinol can also give a carbocation.
Consequently, it was reasonable to investigate the possibilities of a hydrogen migration from the hydroxylactam to the carbinol.
In a diol, as might be expected, the leaving hydroxy group is the one which leads to the more stable carbocation. We have recently described that an N-acyliminium ion reacts easily with an alcohol or a thiol. 5 Thus from compound 5a, we expected either the formation of an ether or a nucleophilic pinacol rearrangement if the geometry of the structure permits the transfer of an atom similar to the one observed in cyclodecanediol 1. The starting hydroxylactamalcohols 5a-c were obtained in good yields by reducing the phthalimide-esters 3a-b 6, 7 with sodium borohydride and by subsequent addition of an excess of phenylmagnesium bromide (Scheme 2). Thus, when 5a was subjected to a catalytic amount of p-toluenesulfonic acid (PTSA) in refluxing toluene for 2 h, a mixture of ether 6a (80%) and imide 7a (20%) was formed. Compounds 5a, 6a and 7a were easily differentiated by the analysis of their NMR ( 1 H and 13 C) spectra. Due to the presence of a stereogenic center, methylene protons (N-CH 2 ) and carbon atoms of the two phenyl groups are not equivalent for 5a and 6a in contrast to 7a.
When a catalytic amount of triftuoroacetic acid (TFA) in place of PTSA was used during 30 min, we observed the ether 6a accompanied with traces of 7a. The imide 7a was obtained from 5a or 6a as the sole product when the reaction was carried out for 2 days with an excess of TFA. This behavior was similar to a pinacol rearrangement. To prove that the product 7a resulted of a hydrogen migration we prepared the deuterated hydroxylactam 5a. The latter resulted of the reduction of 4a in the presence of deuterated sodium borohydride. The deuterated compound 5a gave the deuterated phthalimide 7a. A NMR analysis revealed the absence of hydrogen in the α-position to the two phenyl groups compared to that observed in the non-deuterated product 7a (δ =6.22 ppm). The hydrogen migration can be rationalized as depicted in Scheme 3. The more stable carbocation A was first formed, followed by a transfer of deuterium which led to a new carbocation B stabilized by both a nitrogen and an oxygen atom. Finally, loss of a proton provided phthalimide 7a. This hydride transfer was supposed to be due to the geometry of the carbocation A. Scheme 1.
Scheme 2.
Actually, analysis of molecular models showed a proximity between the hydrogen (or deuterium) atom and the positive carbon of carbocation A when one of the two phenyl groups was parallel to the benzene ring of the isoindole moiety. To confirm this result, we tested the diol 5b (the thiophene ring of 5a has been replaced by a benzene ring). Under the same acidic conditions (TFA, dichloromethane) 5b gave the cyclic ether 6b and the imide 7b. To show that the π-stacking 8-10 seems to be necessary we prepared the alcohol 5c. Treated in the same manner as above (TFA, CH 2 Cl 2 or PTSA, toluene, reflux) 5c gave no reaction, the starting alcohol being recovered. In that case the geometry of the molecule did not permit either a cyclodehydration or a hydrogen migration leading to 7c.
Another argument in favor of a π-stacking was obtained during the investigation of diol 10a (Scheme 4). We tested the tetramethylsuccinimide in place of the isoindole moiety (the methyl groups in 10 prevented loss of a proton in the α position of the hydroxy group leading to an enamide). The imide 8 was prepared via the alkylation of the tetramethylsuccinimide with the methyl 3-bromomethylthiophene-2-carboxylate in toluene using potassium carbonate as the base. In contrast to the phthalimide series 6 phenylmagnesium bromide in dichloromethane selectively reacted with the ester function to give the alcohol-imide 9.
Reduction of 9 with sodium borohydride at 0°C in methanol as for 4a-d gave the diol 10a (85%) accompanied with the ether 10b (15%) in a 95% yield. The mixture 10a/10b was not separated and was used in the next step without further purification. In a similar manner as above under acidic treatment 10a (and 10b) gave the ether 11 (PTSA, dichloromethane) as the single product because the imide 12 (TFA, dichloromethane) was not observed. In the latter case there is no π-π interaction and furthermore the imide is shielded by the four methyl groups.
Scheme 3.
As another example we prepared the oxazepine 6d and the imide 7d from diol 5d. This diol resulted from the action of 6 equiv. of thien-2-ylmagnesium bromide onto the ester 4a. The replacement of the two benzene rings (5a,b) by two thiophene rings (5d) has modified the π-π interaction. Actually the hydride transfer was carried out in two days for 5a,b while after seven days only 35% of 5d had reacted with the formation of 13% of 7d accompanied with degradation products. Furthermore, as in benzene series we did not observe a reaction between the N-acyliminium ion and one of the two thiophene rings whatever the conditions of the reaction (temperature, time).
Scheme 4.
In conclusion we have described an interesting hydride transfer between a hydroxylactam and an alcohol in a non-cyclic product. A π-stacking in the intermediate carbocation seems to be necessary for this transfer. Further studies are in progress to investigate scope and limitations of this new type of hydrogen migration.
Experimental

General
Melting points are uncorrected. The infrared spectra of solids (potassium bromide) were recorded on a Perkin-Elmer FTIR paragon 1000 spectrometer. 
2,3-Dihydro-3-hydroxy-2-[2-(di(thien-2-yl)hydroxymethyl)thien-3-ylmethyl]-1H-
isoindol-1-one (5d). This compound was prepared from 4a using the same procedure as for 
5,13-Dihydro-5,5-diphenylisoindolo[1,2-c][2,4]benzoxazepin-11(6aH)-one (6b).
This compound was prepared from 5b using the same procedure as for 5a. Yield 93%; mp 175°C; IR: 1677 (C=O) cm -1 ; 1 H NMR: 1.8. 2,3-Dihydro-2-[2-(hydroxy-diphenylmethyl) phenylmethyl]-1H-isoindole-1,3-dione (7b). Compound 7b was synthesized using the same procedure as for the synthesis of 7a (starting from 5b or 6b). Yield 96%; mp 176°C; IR: 1710 (C=O) cm -1 ; 1 H NMR: 1.9. 2,3-Dihydro-2-[2-(hydroxy-di(thien-2-yl) 
2.
Reduction of imide 9, formation of 10a+10b
To a mixture of imide 9 (1.73 g, 4 mmol) in dry methanol (40 mL) at 0°C was added sodium borohydride (0.9 g, 24 mmol) by portions. To this mixture were added five drops of ethanolic hydrochloric acid solution (prepared from nine drops of concentrated hydrochloric acid in ethanol (15 mL) at regular intervals (10 min). The reaction was monitored by TLC. The excess of sodium borohydride was decomposed by careful addition of cold water (15 mL) and diluted hydrochloric acid. Sodium hydrogen carbonate was added and the solvent was evaporated. The residue was dissolved in a mixture of dichloromethane/water. The organic layer was dried on magnesium sulfate and was then concentrated under reduced pressure giving a mixture of 10a/10b (85/15) in a 95% yield. 1. 3,3,4,4-Tetramethyl-1-[2-(diphenylhydroxymethyl) 
2.2.
